Objective. To compare the health-related quality of life (HRQOL) and the functional ability by race in patients with gout.
Introduction Methods
We report study methods and results following the recommendations from the Strengthening of Reporting in Observational studies in Epidemiology statement [23] . The Institutional review boards of the Birmingham and Greater Los Angeles Veterans Affairs (VA) medical centres approved the study. All investigations were conducted in conformity with ethical principles of research.
Study design, setting and eligibility
This was a prospective, cohort multicentre US study conducted at two institutions. Patients >18 years of age with a documented diagnosis of gout were identified, using the electronic medical records at two medical centres, the VA Greater Los Angeles Healthcare System and the Birmingham VA Medical Center. Eligible gout patients were contacted via phone and invited to participate in the study. Patients were also recruited from outpatient primary care, rheumatology and other specialty clinics at the two sites; those identified by screening during clinic visits and those responding to study flyers. Patients were screened for eligibility during a clinic visit and those who met eligibility criteria, that is, adults 1885 years with a physician diagnosis of gout who were able to provide consent were enrolled in the study. All patients also met the 1977 preliminary classification criteria for gout [24] . Study participants were evaluated every 3 months for four study visits (0, 3, 6 and 9 months).
Study assessments
During each study visit, patients completed a paperbased survey that included the following: generic HRQOL assessment with Short Form 36 (SF-36) [25] ; disease-specific HRQOL with the Gout Impact Scale (GIS) of the Gout Assessment Questionnaire [26] ; functional ability assessment with HAQ Disability Index (HAQ-DI) [27, 28] ; patient global assessment [15, 29] ; and the University of California at San Diego health care utilization survey. Patients also underwent physician assessment at each visit that included a physician global assessment of gout [30] . At each study visit, patients also self-reported comorbidities, which were used to calculate the Charlson index, a weighted index of 17 comorbidities, expressed as a summative score (where a higher score indicates more comorbidity) that has been validated [31] . Age and BMI (kg/m 2 ) were extracted from the records on the day of the screening visit. SF-36 is a widely used, self-administered general HRQOL instrument consisting of 36 items, summarized into 8 HRQOL domains (0100; higher is better) and two summary scores: the physical component summary (PCS) and the mental component summary (MCS) scores, which are population-and norm-based, with a mean (S.D.) of 50 (10) [25, 32, 33] . Eight SF-36 domains are physical functioning, role physical, bodily pain, general health, vitality, role emotional (RE), mental health (MH) and social functioning. Minimal clinically important difference (MCID) is 510 points on domain scores and 2.55 on summary scale scores [3437]; we used 5 and 2.5 points as thresholds, respectively.
GIS, a disease-specific HRQOL instrument, measures the impact of gout on HRQOL, both during and between acute gout attacks [26] . The GIS includes five scales measuring the potential impact of gout on patient's lives: overall gout concern, gout medication side effects, unmet treatment needs, well-being during attacks and gout concern during attacks [26] . MCID is available for four scales and ranges 58 units: gout concern overall, 7.2; unmet gout treatment need, 6.9; gout well-being during attack, 5.2; and gout concern during attack, 7.6 [38] .
Functional ability of the patients was assessed with the HAQ-DI [27, 28] . The HAQ-DI has questions within eight sections leading to eight scale scores: dressing and grooming, arising, eating, walking, hygiene, reach, grip and common daily activities. Scoring within each section is from 0 (without any difficulty) to 3 (unable to do). The score given to that section is the worst score within the section, that is, if one question is scored 1 and another 2, then the score for the section is 2. If an aid or device is used or if help is required from another individual, then the minimum score for that section is 2. The scores of the eight sections are summed and divided by 8, and the overall score ranges 03 (0 indicating no disability and 3 indicating extreme disability). The MCID for HAQ-DI is 0.22 [39] .
Patients reported overall gout severity using a 10 cm visual analogue scale [15, 29] . Physicians also recorded global assessment of overall gout severity using a 10 cm visual analogue scale [30] , and the presence or absence of tophi.
Independent variable and outcomes
The independent variable of interest was patient-reported race at the first visit. Race was dichotomized into African American and Caucasian (other races were excluded for analytic purposes), as determined a priori.
Outcomes of interest were HRQOL on SF-36 (eight domain scores, PCS and MCS; generic HRQOL) and GIS scales (five scales and overall score; disease-specific HRQOL), and functional limitation assessed by HAQ-DI (overall score and eight sections/domains). We compared these scores both cross-sectionally at baseline and longitudinally over the four study visits over 9 months.
Statistical analysis
Continuous variables were compared between African Americans and Caucasians with gout using the t test or Wilcoxon rank sum test, depending on the normality of the distribution of the data. Categorical variables were compared with the Chi-square test where expected frequencies were larger than five, and the Fisher exact test where expected frequencies were five or fewer. Mean differences in HRQOL and functional limitation measures were compared with MCID thresholds to assess clinical significance. Adjusted SF-36 t-score values, GIS scores and HAQ-DI scores were computed for African Americans and Caucasians with gout using the least squares means method (i.e. marginal means) with adjustment for key factors including age, study site and education. Multivariable linear regression models were used to compute the crosssectional baseline-adjusted scores (see supplementary data, available at Rheumatology Online). Multivariable mixed-effect regression models with a random patient effect and fixed sequential visit effect were used to compute the longitudinally adjusted scores. We used variance components as the covariance structure applied to the longitudinal models, which model a different variance component for each patient. We considered a race and time interaction term for the longitudinal models, but this term was not statistically significant and was thus dropped from the analyses. Analyses were conducted using SAS software (SAS Institute, Cary, NC, USA). A P < 0.05 was considered statistically significant.
Results

Patient characteristics
A total of 186 patients were enrolled in the study, 112 at the Greater Los Angeles VA and 74 patients at the Birmingham VA. Of these, 107 were Caucasian and 60 were African American. The majority of the patients were male (97.9%), the mean (S.D.) age was 64.6 years (10.9) and 64% had at least some college level education ( Table 1 ). Almost one-fifth had tophi, and the median serum urate was 7.9 mg/dl. Median physician and patient gout severity assessments were 3.0 and 6.0, respectively (010 scale). Comorbidities were common: hypertension (81.4%), diabetes (36.2%), congestive heart failure (15.4%), moderate or severe renal failure (24.4%) and hyperlipidaemia (58.9%; Table 2 ).
We noted statistically significant differences in patient characteristics by race (Table 1) : compared with Caucasians, African Americans with gout were significantly younger, had lower education level, higher serum urate levels and lower prevalence of diagnosed tophi.
Generic HRQOL in gout by race
At baseline (cross-sectional analyses), in unadjusted analyses, African Americans with gout had lower mean scores (indicating poor health) on three SF-36 domains and the MCS relative to Caucasians, and these differences were statistically significant: MH, 40.8 vs 46.3 (P < 0.01); RE, 31.3 vs 40.6 (P < 0.01); social functioning, 37.3 vs 41.5 (P = 0.04); and MCS, 39.5 vs 46.2 (P < 0.01) (supplementary Table S1 , available at Rheumatology Online). These differences met or exceeded the MCID, except for SF-36 social functioning. SF-36 role physical domain scores had a trend towards statistical significance, 33.8 vs 37.5, respectively (P = 0.06). PCS scores and other SF-36 domain scores were similar by race.
Cross-sectional analyses adjusted for age, site and education showed that the differences in SF-36 MH and social functioning by race were no longer statistically significant or clinically meaningful. The adjusted SF-36 RE score was lower in African Americans (P = 0.01), and this was both statistically significant and clinically meaningful (difference, 7.5; exceeded the MCID of 5); the MCS was lower (difference, 4.4; exceeded the MCID of 2.5) and this was clinically meaningful and had a non-significant statistical trend (P = 0.07; supplementary Table S2 , available at Rheumatology Online).
Longitudinal analyses adjusted for age, site and education showed that five of the eight SF-36 domain scores (physical functioning, bodily pain, MH, RE and social functioning) and MCS were lower in African Americans compared with Caucasians (Table 3 ) and these differences were statistically significant; differences in the MH and RE domains and MCS scores also exceeded clinically important difference thresholds, that is, MCID.
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TABLE 1
Baseline characteristics of study cohort GIS is a disease-specific HRQOL measure, with a higher score indicating worse health.
a Difference in means = (AA mean score À White mean score); positive numbers indicate higher scores in the AA group, that is, worse GIS scores. MCID ranges 58 U on GIS scales: gout concern overall, 7.2; unmet gout treatment need, 6.9; gout well-being during attack, 5.2; and gout concern during attack, 7.6 [38] . b Score differences that meet only statistical significance, but do not exceed MCID thresholds. No MCID is available for overall GIS score; therefore, no comparisons could be made regarding MCID. GIS: Gout Impact Scale; HRQOL: health-related quality of life; MCID: minimal clinically important difference.
Gout-specific HRQOL by race
At baseline (cross-sectional analyses), compared with Caucasians, African Americans with gout scored higher (i.e. worse HRQOL) in four of the five GIS domains, including gout concern overall (P = 0.04), unmet treatment need (P = 0.01), well-being during attacks (P = 0.01) and concern during attacks (P = 0.01). Differences exceeded the MCID for all four scales. Concerns about medication side effects did not differ by race with statistical significance. The overall GIS score was higher in African Americans, and this was statistically significant (P < 0.01; supplementary Table S3 , available at Rheumatology Online).
Cross-sectional analyses adjusted for age, site and education showed that the difference in only one of the five GIS scales, unmet treatment need, was worse/higher in African Americans compared with Caucasians, and this was both statistically significant (P = 0.03) and clinically meaningful (difference, 6.9) (supplementary Table S4 , available at Rheumatology Online).
In longitudinal analyses adjusted for age, site and education, two GIS domains (unmet treatment need and concern during attacks) and overall GIS scale scores were worse/higher in African Americans compared with Caucasians (Table 4 ); these differences approached but did not exceed threshold for MCID, but they were statistically significant.
Functional limitation in gout by race
At baseline (cross-sectional analyses), the median total HAQ-DI score was higher, indicating worse disability in African Americans as compared with Caucasians, 0.92 vs 0.67 (P = 0.02; difference of means, 0.25) that also exceeded the MCID of 0.22 (supplementary Table S5 , available at Rheumatology Online). African Americans had lower scores in five of the eight HAQ-DI activity domains, including dressing and grooming, arising, eating, walking and grip (no MCIDs were available for domain scores); these differences were statistically significant.
Cross-sectional analyses adjusted for age, site and education showed that there were statistically significant differences (P = 0.01 each) in only three HAQ-DI activity domains: dressing and grooming, walking, and grip, were lower in African Americans compared with Caucasians (supplementary Table S6 , available at Rheumatology Online; no MCIDs were available for domain scores). The overall HAQ-DI scores were lower in African Americans than Caucasians (P = 0.04; supplementary Table S6 , available at Rheumatology Online); these differences were both statistically significant and clinically meaningful.
In longitudinal analyses adjusted for age, site and education, there were statistically significant differences in five HAQ-DI activity domains: dressing and grooming, eating, hygiene, reach and grip (P < 0.0001, 0.0001, 0.03, 0.04 and 0.004) ( Table 5 ). The difference in the overall HAQ-DI scores by race was not statistically significant, and it approached but did not exceed the threshold of clinical importance (difference of 0.18 vs MCID of 0.22).
Discussion
To our knowledge, this is the first multicentre, prospective, cohort study that has compared HRQOL and disability between African Americans and Caucasians with gout, and has adjusted for important covariates/confounders. Previous studies have examined predictors of overall worse HRQOL in predominantly Caucasian samples [17, 40] . No comparisons have been made with minorities and most were cross-sectional, except for one validation study [20] . Given that elimination of health care disparities Higher HAQ-DI score indicates worse health. The MCID for the HAQ-DI composite score was 0.22 [39] . The difference, i.e., the MCID in the overall HAQ-DI score was not statistically significant, although with a difference of 0.18, it approached clinically meaningful difference, as indicated by the MCID of 0.22 [39] . a Score differences that meet statistical significance (no MCID thresholds have been defined for HAQ sections/domains). HAQ-DI: HAQ disability index; MCID: minimal clinically important difference.
is a national priority [21, 22] , several novel study findings merit further discussion.
An important observation in our study was that African Americans with gout had worse unadjusted mental/emotional HRQOL scores compared with Caucasians with gout, and these differences were also clinically meaningful, that is, met or exceeded the MCID thresholds, in most cases. On the other hand, none of the physical HRQOL domain scores showed any significant difference, statistically or clinically. This is an important observation and indicates a higher mental and emotional HRQOL disease burden, but not physical HRQOL burden, in African Americans with gout compared with Caucasians. These results are concordant with the result of a qualitative study of HRQOL in gout with 10 nominal groups stratified by race and sex, which found that African Americans with gout ranked concern about the effect of gout on emotional health high more often than Caucasians [41] . So what are the underlying reasons for this?
In our analyses adjusted for age, education and study site, there was some attenuation of racial differences in these SF-36 domain scores, but some differences persisted. This supported our hypothesis that racial differences in age and education only partially explain racial differences in generic HRQOL in patients with gout. Whether the remaining differences are true differences by race or whether they can be explained by unmeasured differences in socio-economic status, social support and health care access across race remains to be determined. Nevertheless, our study shows that in multivariable-adjusted analyses, African Americans with gout had larger mental/emotional HRQOL deficits compared with Caucasians.
Unadjusted disease-specific HRQOL was also worse on four of the five GIS scales in African Americans, indicating more overall concern about gout, more concern during a gout attack, and higher unmet need and lower well-being scores in African Americans with gout. These differences attenuated after adjustment for age, education, etc., and were below the MCID, but they remained statistically significant. This indicated that the higher disease impact on gout-specific HRQOL in African Americans than Caucasians is explained partially due to differences in age, education, etc. The higher unmet need reported by African Americans with gout in our study might explain previously reported higher utilization of resources by African Americans with gout compared with that of Caucasians [11] . This study finding offers an important insight into gout-related health care burden differences by race/ethnicity. It remains to be tested whether the lower allopurinol use and ULT adherence in African Americans compared with Caucasians reported previously [1113] contributes to a higher impact of gout-specific HRQOL in African Americans.
Another important observation in our study was that African Americans with gout were more disabled than their Caucasian counterparts. The difference in unadjusted disability scores was both statistically significant and clinically meaningful. Five of the eight HAQ-DI scale and the overall HAQ-DI scores were lower in African Americans in unadjusted analyses. There are no prior studies to our knowledge against which to compare these findings, and therefore our findings add to the current knowledge and provide a foundation for future studies. More suboptimal gout treatment and worse disease outcomes have been reported in African Americans compared with in Caucasians in previous studies [1113] . Analyses adjusted for differences in age, education and site attenuated HAQ-DI scores differences only partially, and the overall HAQ-DI score was still worse in African Americans as compared with Caucasians (0.23 higher/ worse for baseline-adjusted and 0.18 higher/worse for longitudinally adjusted scores; MCID = 0.22). Therefore, racial differences in HAQ-DI scores may either be attributed to race itself or to unmeasured factors such as socioeconomic status, social support, health care access, etc.
Our study has several strengths. Most studies of HRQOL or functional limitation in gout have been crosssectional, with the exception of one study examining the reproducibility of HAQ-DI in a Mexican cohort [20] . Prospective cohort design, multicentre study and the use of standardized, validated instruments allowed for systematic collection of valid data. We recruited patients from primary care and rheumatology clinics to increase the generalizability of our findings. The gout diagnosis was physician-reported and confirmed in accordance with the 1977 gout classification criteria, and not patient self-reported, making it more likely to be valid. HRQOL was assessed using both generic and disease-specific measures. Adjustment for several potential confounders increased the rigor of our study.
Our study has several limitations as well. The primarily male sample in our study implies that findings may not be generalizable to women with gout, and there is a growing female subset with elderly-onset gout. Veterans have higher comorbidity and poorer HRQOL than the general US population [42, 43] ; therefore, these findings are likely generalizable to men in the general population with higher comorbidity. We likely missed patients with mild disease who do not see physicians frequently, skewing our results to reflect findings among more symptomatic gout patients. Our results were based on patients' responses and are therefore subject to recall bias; however, the instruments used in this study are widely used in health services research, and we did not alter the recall period for the questions, making these data as valid as other studies using these assessments and comparable with them. A ceiling effect was noted with some GIS scale domains (gout concern overall, 17%; medication side effects, 9%; concern during attack, 6%) and a floor effect was noted with all HAQ domains (2555%), which must be considered while interpreting these findings. We found that 2225% of patients had missing data during follow-up visits for one or more variables, and therefore these patients were excluded from longitudinal analyses. We acknowledge that there was some indication of heteroscedasticity for SF-36 and GIS scores, even though the residuals were generally normally distributed.
The findings should be interpreted considering this limitation.
Conclusions
In conclusion, this prospective, multicentre cohort study showed that in unadjusted analyses, compared with Caucasians, African Americans with gout had significantly worse generic HRQOL, disease-specific HRQOL and functional limitation; most differences were also clinically meaningful. Specifically, compared with Caucasians, African Americans with gout expressed higher disease concern and unmet need and lower mental/emotional HRQOL and functional ability to perform daily tasks. Age and education level explained these racial differences only partially, and many differences remained statistically significant in adjusted analyses, indicating either an independent association of race or unmeasured confounding due to differences in socio-economic status, social support and health care access (factors not measured in this study) by race. Further research is needed into the determinants of these racial differences to target interventions to modifiable mediators of these relationships. Efforts are also needed to reach out to disadvantaged minorities, such as African Americans with gout, to improve disease outcomes in gout.
